Using an all-electron mixed-basis approach and within the local-density approximation, the electronic structure of CssBN heterofullerenes in the solid fcc phase (F3m) has been calculated.
I. INTRODUCTION
The discovery of fullerenes as stable structures of carbon clusters ' has stimulated much interest in the existence of similar type of clusters constructed with different species. For example, by laser vaporization supersonic cluster beam studies, Guo et al. deduced that several carbon atoms in C60 were replaced by boron atoms, forming C60 "B". Miyamoto et at. calculated the electronic structure of hypothetical fcc C59B as a simple example, and found a metallic boron-induced acceptor state above the valence band. These newly proposed clusters are often called "heterofullerenes. " They are different from the so-called endofullerenes which have one or several different atoms (clusters) inside the cage. The discussion of their stability is still far &om comprehensive. A cluster experiment even suggests a possibility of B36N24 with the same soccer-ball-shaped cage structure, although no further confirmation has been reported yet.
The effect of doping was first studied in the context of superconductivity, but because of its semiconducting properties, we would like to investigate the effect of substitutional doping by nitrogen and boron atoms in C60 icosehedral fullerenes.
Several band-structure calculations, as well as experimental findings, have revealed that the solid phase of C60 has a fcc structure with Fm3m symmetry. The distance between nearest neighbors is 10 A. , whereas the diameter of the balls is only 7 A. It is believed that the intermolecular interaction between the icosahedral fullerenes in the solid phase is of Van Fig. 2 ). Furthermore, we will also show the effect of the anisotropy of the cage on the dispersion relations, and see how this can induce a large variation in the energy bands.
In this paper, we present an ab initio calculation of C58BN with fcc crystal symmetry, by using our allelectron mixed-basis formalism. This method has already been applied to C60 
II. ALL-ELECTRON MIXED-BASIS FORMALISM
We use a self-consistent all-electron mixed-basis approach within the local-density approximation.
The mixed-basis method was first introduced by Louie et al. in We obtain very similar pictures for case II. Figure 6 shows the calculated DOS near the band gap in cases I and II. As we can see from their dispersion relation in Fig. 4 
IV. CONCLUSION
In this report, using an all-electron mixed-basis calculation, we showed the electronic structure of the fcc heterofullerene C58BN. The nonexistence of any donor or acceptor levels in case I where N and B are neighbors was explained by a hybridization of these two levels resulting in their disappearance into the continuum. We were able to identify these two levels in the band structure of case II, and observed their shifts into the valence and conduction bands in case I. As a result, it was deduced that case I has lower energy, and, therefore, is slightly more stable.
We also found that due to the electronegativity of nitrogen, there is almost one electron bound to it and almost a hole bound to the boron; and, therefore, the bonding has a strongly polar character, and this eKect could result in a very slight relaxation of the N and B atoms toward each other in case I (if the charge difference is different from two), in addition to an eventual slight shift of the pair in the N to B direction due to the difFerence in the size of the atoms. In the present work, we fixed a priori the B-N bond length 1.40 A. , and we assumed the N and B occupy the position of carbons of the C60, although further calculations of relaxing the bond length are highly desirable. We are now planning to perform an ab initio simulated annealing calculation within the all-electron mixed-basis formalism. And finally, we should emphasize on the importance of the anisotropy of the isoenergy surfaces that also results in a larger bandwidth.
